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Delivery of Disease Control in Aquaculture and Agriculture Using Nutritional 
Feeds Containing Bioactive Proteins Produced by Viruses 

BACKGROUND OF THE INVENTION 
S Field of the Invention 

[001] This invention is directed to the use of edible materials which 
are used as feed components in aquaculture or agriculture, and which also 
contain exogenous peptides and/or antibodies or antibody fragments which 
will convey resistance or immunity to viral or bacterial pathogens or otherwise 

10 improve the health and performance of the species consuming said edible 
materials. In particular, the exogenous peptides, proteins, and/or antibodies 
or antibody fragments are produced by cellular material infected by a virus 
that codes for the production of said peptides and/or antibodies or antibody 
fragments. 

IS Related Art 

[002] Certain plant products have been produced using specific 
genetic modification to express proteins and/or antibodies of therapeutic 
value. The group at the Boyce Thompson Institute at Cornell have cloned a 
viral coat protein into bananas so that when ingested by humans, this will be 

20 equivalent to delivering an oral vaccine to those humans. This concept has 
not been extended to microbes. 

[003] There are several plant biotech companies such as Meristem, 
Large Scale Biology, and Prodigene, which are now expressing certain 



WO 03/017780 PCTAJS02/27198 

2 

human therapeutic proteins in the plants including antibodies. Large Scale 
Biology is expressing proteins in tobacco plants using a tobacco mosaic virus 
as a vector to produce the protein of interest. The protein is then isolated and 
purified from the plant material and used for human therapeutic purposes. In 
5 this way the plant genome itself is actually not modified, but rather the 
genome of the infecting virus carries the gene of interest. 

[004] Recombinant microbes including bacteria, yeast and fungi 
have been used to produce human therapeutic proteins. However, such 
recombinant microbes have not been used for agricultural purposes 
10 incorporating ingestion of the whole organism. In both the plant and microbial 
cases, the recombinant organism has simply been used as a factory, and the 
therapeutic protein is then isolated and purified prior to use. 

[005] Certain plant products have been produced which contain 
proteins and/or antibodies of therapeutic value by infecting the plant with a 
1 5 virus that expresses the protein of interest. Large Scale Biology has a series 
of patents protecting this technology but the purpose is to produce purified 
proteins for pharmaceutical purposes which requires an extensive purification 
procedure following harvesting of the plant material. These patents do not 
involve the use of the intact plant material as a source of both nutrition and 
20 disease control except under the unusual condition that the pharmaceutical 
product is expressed in the fruit of the plant. 

[006] Certain recombinant proteins have been produced in insect 
cells using an insect virus expression system (Baculovirus). Such proteins 
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are also produced in intact insect larvae following infection with modified 
Baculoviruses. In both cases, the insect cells or larvae are used as factories 
to produce the protein of interest, and the recombinant protein is then purified 
for pharmaceutical purposes. Insect cells or larvae infected with baculovirus 
5 may be particularly useful in the expression of certain human therapeutic 
proteins because the post-translational modifications of the therapeutic 
proteins are similar to the post-translational modifications imparted upon 
expression in human cells. 

[007] The Sindbis arbovirus was used to deliver high levels of gene 
10 expression in vivo in non-host arthropod species without causing cytopathic 
effects in infected cells or impairing the development of the organism. A 
replication competent Sindbis virus containing the coding region of green 
fluorescent protein (GFP) produced productive infections when injected into 
insect larvae and pupae (Lewis, etal., 1999). Thus, virus-mediated ectopic 
15 gene expression has been accomplished in arthropods, a phylum that 
includes the classes Crustacea and Insecta. 

[008] Antibiotic doping is used routinely in the aquaculture setting. 
Typically, the pure or semipure antibiotics are added directly to the water 
column or feeding system; however, crude fermentation broths, particularly 
20 broths including cells, have not been used for any kind of therapeutic delivery 
system. 

[009] Production of amino acids such as lysine typically involves a 
genetically modified microorganism which overproduces the amino acid of 
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interest and excretes it into the fermentation medium. The wastestream from 
such a fermentation would include biomass containing the amino acid, and 
this wastestream product could be used as a crude delivery form of the small 
molecule nutritive amino acid. 

5 [01 0] A Baculovirus expression system is an efficient method for 

expressing proteins in insect cell culture. Baculovirus is in the family 
Baculoviridae, a diverse group of large double stranded DNA viruses that 
infect arthropods, including insects, arachnids, and crustaceans. 
Baculoviruses are species-specific and do not infect vertebrates nor 

10 propagate in mammalian cells in culture. 



SUMMARY OF THE INVENTION 

[011] The present invention provides for a composition of matter (the 
feed) and the use ofithis feed for the delivery of a therapeutic dose of a 

1 5 bioactive peptide or protein. 

[012] In one embodiment, this invention provides an aquaculture or 
an agriculture feed containing plant biomass comprising one or more proteins, 
antibodies, or a combination thereof, where the proteins and antibodies are 
non-native to the plants. Preferably, the host plants are selected from 

20 tobacco, corn, soybean, canola, sunflower, or any other cultivated crop. The 
plant genome itself may be modified to express the proteins or antibodies or 
antibody fragments. Alternatively, the plants may be infected with a virus or 
viruses which encode the proteins or antibodies or antibody fragments 
recombinantly. While in some cases the host and expressed protein may be 
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consumed together without further processing, preferably the plant material, 
not necessarily the fruit, would be modified in some way to make the material 
edible to non-human animals. Such a modification may include, but not be 
limited to, homogenizing, cooking, baking, extruding, solubilizing, or treatment 
5 with enzymes. 

[01 3] In another embodiment, this invention provides an aquaculture 
or an agriculture feed containing insect biomass comprising one or more 
proteins, antibodies, or a combination thereof, where the proteins and 
antibodies are non-native to the insects. Preferably, the insects are larval 

10 stages of lepidoptera. The insect genome itself may be modified to express 
the proteins or antibodies or antibody fragments. Alternatively, the insects 
may be infected with a virus or viruses which encode the proteins or 
antibodies or antibody fragments and upon infection is expressed 
recombinantly. In a preferred mode, the insect material would be modified in 

15 some way to make the material edible to non-human animals. Such a 
modification may include, but not be limited to, homogenizing, cooking, 
baking, extruding, solubilizing, or treatment with enzymes. This invention 
contemplates the use of the whole insect larvae or a portion thereof as a feed 
additive. This invention also contemplates the use of the larvae along with its 

20 entire larval cultivation matrix, as all these materials may convey feed 
materials themselves. Such a larvae will typically contain the protein or 
proteins of interest but the purification steps are not necessary for its use in 
animal feeds. 
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[014] In another embodiment, this invention provides a method of 
delivering therapeutic proteins to a non-human animal comprising 
administering to a non-human animal a feed comprising a plant or insect 
expressing a non-native therapeutic protein. This method is particularly 
5 suitable for the non-human animal subjected to intensive agricultural 
practices, or for fish or shellfish in aquaculture. In a preferred mode, the 
therapeutic protein or proteins is (are) recombinant protein(s) expressed 
directly by the plant or insect. Alternatively, the plant or insect is infected by a 
recombinant virus which expresses the therapeutic protein recombinantly. 
10 Preferred therapeutic proteins include a protein or proteins which inhibit(s) the 
growth or replication of a pathogen such as Vibrio species, or a protein or 
proteins which inhibits) shrimp viruses such as, but not limited to, Taura or 
White spot virus infection in shrimp, or a recombinantly expressed antibody or 
antibody fragments to viruses, or a protein which, when introduced orally to an 
15 animal will immunize said animal as in the case of an oral vaccine. 

[01 5] In another, preferred, embodiment, this invention provides a 
method of transfecting crustaceans with non-native therapeutic proteins using 
baculovirus. This method is particularly suitable for crustaceans in 
aquaculture. Preferably, the crustaceans are Pacific white shrimp {Penaeus 
20 vannmei) and the baculovirus is Autographa califomica nuclear polyhedrosis 
virus (AcNPV). The crustacean may be infected either by injection or orally, 
by incorporating the virus into the crustacean's food. The baculovirus may be 
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engineered to express green fluorescent protein (GFP) for monitoring 
infection. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 

5 [016] The marine environment is filled with bacteria and viruses that 

can attack fish and/or shellfish. Infection by such bacteria or viruses can 
devastate intensive marine-based farms very quickly. The same is true for 
terrestrial environments where viral or bacterial infections can also 
dramatically limit farm productivity. One of the major disease control 

10 problems in shrimp aquaculture today is infection by certain viruses (e.g., 
White Spot, Taura, etc.). Neither antibiotic, nor probiotic strategies will work 
in this situation, and shrimp cannot be vaccinated by methods analogous to 
those used for fish. Shrimp, like all crustaceans have only a rudimentary 
immune system so they are particularly susceptible to devastation by viral 

15 attacks. 

[017] This invention provides a solution to this problem by providing 
a nutritional control method using the target animal's feed as the vector to 
deliver anti-viral antibodies or fragments thereof, directly to the shrimp. These 
"designer feeds" would deliver a therapeutic dose of antibody directly to the 
20 gut of the shrimp. This approach is known as "passive immunity" because the 
antibody remains outside the host organism and simply prevents viral 
infestation through the gut wall. The invention envisions the use of transgenic 
multicellular organisms (plants, animals, insects, etc) to deliver the antibody to 
the gut of the target animal through the consumption of the transgenic 
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multicellular organism. Alternatively, the feed source itself may be infected 
with a host-specific virus that is engineered to produce the antibody, or 
fragment thereof, of interest in a multicellular organism that can be fed to the 
target animal. Alternatively, the feed material may deliver a portion of the 

5 virus (e.g. a coat protein) or fragment thereof in order to actively immunize the 
shrimp, other shellfish or finfish or terrestrial animal that consumes the feed. 

[018] This invention provides advantages in production and delivery 
of the antimicrobial compounds or antibodies by packaging them in a plant or 
insect source compared to a fermentative source. Sterile fermentation is 

10 important for Drug-GMP compliance whereas the less-pure sources from 
plants or insects will be perfectly fine for animal use. Plants and insects are 
common elements in the food chain for either aquatic species or terrestrial 
species (Aquaculture or Agriculture). A second value in eukaryotic processing 
(e.g., by plants or insect cells) is that the post-translational modifications 

15 undertaken by these species may be more "native" compared to recombinant 
products from bacteria. One of the major problems with bacterial production 
of human proteins is that the microbially produced recombinant proteins are 
ineffective because of incorrect post-translation modifications. 

[019] AcNPV is a Baculovirus commonly used in laboratory protein 

20 expression. It is shed from cells during early stages of infection by budding of 
the cell membrane; in later stages of infection, viruses are encased in 
intracellular occlusion bodies, which are large protein crystals. AcNPV is 
commonly used in the laboratory to infect insect cell culture lines. Vectors 
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and molecular biology supplies, and methods for Baculovirus expression 
vector systems, including AcNPV, are readily available from commercial 
suppliers. 

[020] Antibodies or antibody fragments to desired targets, such as 

5 White Spot virus or Taura virus, may be prepared by routine immunization 
and selection of monoclonal antibody producing hybridomas, or by screening 
viral or bacterial expression libraries of immunoglobulin genes and gene 
fragments (Collagen, et a/.). Nucleic acid sequences encoding the binding 
sites of the selected antibodies can be cloned using standard methods 

10 (Ausubel, et a/.) and antibodies may be expressed from recombinant plants, 
animals or insects or cloned into viruses that infect the desired feed materials. 

[021] There are a number of well known bactericidal and 
bacteriostatic peptides which will inhibit microbial growth and include, but are 
not limited to cecropins, peneadins, bactenecins, callinectins, myticins, 

15 tachyplesins, clavanins, misgurins, pleurocidins, parasins, histones, acidic 
proteins, and lysozymes. These peptides may be made in a plant material 
such as tobacco, soybean, corn, sunflower, cotton, safflower, canola or any 
other agronomic species using recombinant methods well known to those in 
the art, and thus provided as a feed component to convey resistance or 

20 tolerance to infestation. Suitable plant material also includes macroalgae 

(Kelps) which are grown worldwide as a commodity feed crop in aquaculture. 
Macroalgae are the foodstuffs of many aquaculture species, and this invention 
contemplates recombinant production of therapeutic proteins in the natural or 
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farm diet of juvenile fish (e.g., half-grown catfish) as well as fish larva. Thus, 
within the contemplation of this invention are macroalgae or insects or other 
host organism that make up part of the food chain for the feeding of larvae, 
juveniles and adults in aquaculture, as well as the same life sequence in the 
5 tenestrial animal feeds (e.g. pigs, chickens, and cows). 

[022] Edible materials can be any materials that are ingested. 
Preferably, edible materials may be of plant or animal (vertebrate or 
invertebrate) origin. Edible materials may be the whole plant or animal or any 
parts thereof. One embodiment of this invention would be where the plant or 

10 animal is genetically modified to produce the exogenous peptide and/or 
antibody or antibody fragments directly. 

[023] Post harvest processing of some sort may be required to 
prepare the material for use as feeds. This invention contemplates normal 
(known) processes for converting the insect or plant material into feeds. Such 

15 normal process include homogenization followed by extrusion into pellets of 
various sizes depending on the application (e.g., larval, juvenile or adult). 
Other modes of preparation would include spray drying, fluid bed drying, or 
even providing the material as a liquid suspension. 

[024] By "patient" it is meant any living animal, including, but not 

20 limited to, a human who has, or is suspected of having or being susceptible 
to, a pathologic condition, disease, or disorder, or who otherwise would be a 
subject of investigation relevant to a pathologic condition, disease, or 
disorder. Accordingly, a patient can be an animal that has been bred or 
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engineered as a model for any pathologic condition, disease, or disorder. 
Likewise it can be a human suffering from, or at risk of developing, a 
pathologic condition, disease, or disorder. Similarly, a patient can be an 
animal (such as a farm animal, a dairy animal, a ranch animal, an animal that 
lives under water, or an animal cultivated on land or in water for food or other 
commercial use, an experimental animal, or a pet animal) including a human, 
who is serving as a healthy control for investigations into pathologic 
conditions, diseases, or disorders. 



10 EXAMPLES 

[025] The invention as contemplated herein, is described in the 
following examples, but its utility is not limited to the examples provided. 

[026] Example 1 . Incorporation of an antibody into a plant- 
based feed. A particular viral or bacterial pathogen is chosen and used to 

15 prepare monoclonal antibodies using procedures described in "Current 

Protocols in Immunology" or other procedures known to those skilled in this 
field. The white spot virus, for example, contains three major coat proteins, 
and antibodies or antibody fragments can be prepared to any or all of these 
proteins. Gene(s) coding for this antibody or an appropriate antibody 

20 fragment (Fab) are isolated and amplified in an appropriate vector. The gene 
is spliced into a transformation vector suitable for plant transformation. The 
transformation vector is chosen so that the antibody will be overexpressed in 
the plant cellular biomass. The vector may be targeted to the edible portion of 
the plant {I.e., seeds) so that normal harvesting methodologies can be used. 
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Alternatively, the vector may be targeted to the unused portion of the plant 
(stems and leaves) so that these less valued materials can be used as value 
added components to the crop plant without affecting the yield or quality of the 
normally harvested portion. The biomass in which the antibody is expressed 

5 is then used as a feed additive in such a way as to provide the antibody or 
antibody fragment directly to the animal, thus providing passive immunity. 

[027] Example 2. Expression of a bactericidal or bacteriostatic 
protein in a plant-based feed. A bactericidal or bacteriostatic protein is 
chosen for the particular application. For example, proteins of the penaeidin 

10 class may be chosen for pathogenic control in shrimp. Penaeidins are 

members of a family of antimicrobial peptides isolated from crustaceans (e.g., 
Penaeus shrimp). Antimicrobial peptides may also come from insects and 
chelicerates and may include but are not limited to cecropins, peneadins, 
bactenecins, callinedins, myticins, tachyplesins, clavanins, misgurins, 

15 pleurocidins, parasins, histones, acidic proteins, and lysozymes. The gene for 
the chosen protein or peptide is either isolated from the original source, an 
amplification source, or it can be made synthetically. The gene is spliced into 
a transformation vector suitable for plant transformation. The transformation 
vector is chosen so that the antibody will be overexpressed in the plant 

20 cellular biomass. The vector may be targeted to the edible portion of the plant 
(i.e., seeds) so that normal harvesting methodologies can be used. 
Alternatively, the vector may be targeted to the unused portion of the plant 
(stems and leaves) so that these materials can be used as value added 
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components to the crop plant without affecting the yield or quality of the 
normally harvested portion. This biomass is then used as a feed additive in 
such a way as to provide the bactericidal protein directly to the animal thus 
providing resistance to that particular pathogen. 

5 [028] Example 3. Incorporation of a gene for an antibody or 

antibody fragment into a plant-based virus and use of the infected plant 
material as feed. A particular viral or bacterial pathogen is chosen and used 
to prepare monoclonal antibodies using procedures described in "Current 
Protocols in Immunology" or other procedures known to those skilled in this 

10 field. Gene(s) coding for this antibody or an appropriate antibody fragment 
(Fab) are isolated and amplified in the appropriate vector. The gene is spliced 
into the genome of a selected plant virus such as tobacco mosaic virus (TMV) 
or cauliflower mosaic virus (CMV). This virus is then used to infect a plant 
(mature or seedling). As the virus replicates in the plant material it will 

15 express the antibody or antibody fragment directly in the plant material. The 
entire plant can then be harvested and used directly as feed material. 
Alternatively, the plant material may be homogenized and extruded into 
pellets suitable for feed applications. The viruses should not be a concern in 
feeding , since they will not infect the animals consuming the feed, but to the 

20 extent there is a concern, they can be inactivated by high temperature or 

other procedures familiar to those experts in the field prior to use of the plant 
material as feeds. 
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[029] Example 4. Incorporation of a gene for a bactericidal or 
bacteriostatic protein into a plant-based virus and use of the infected 
plant material as feed. A bactericidal or bacteriostatic protein is chosen for 
the particular application. For example, proteins of the penaeidin class may 
5 be chosen for pathogenic control in shrimp. Penaeidins are members of a 
family of antimicrobial peptides isolated from crustaceans (e.g., Penaeus 
shrimp). Antimicrobial peptides may also come from insects and chelicerates 
and may include but are not limited to cecropins, peneadins, bactenecins, 
callinectins, myticins, tachyplesins, clavanins, misgurins, pleurocidins, 

10 parasins, histones, acidic proteins, and lysozymes. The gene for the chosen 
protein or peptide is either isolated from the original source, an amplification 
source, or it can be made synthetically. The gene is spliced into the genome 
of a selected plant virus such as tobacco mosaic virus (TMV) or cauliflower 
mosaic virus (CMV). This virus is then used to infect a plant (mature or 

15 seedling). As the vims replicates in the plant material it will express the 

protein directly in the plant material. The entire plant can then be harvested 
and used directly as feed material. Alternatively, the plant material may be 
homogenized and extruded into pellets suitable for feed applications. The 
viruses can be inactivated by high temperature or other procedures familiar to 

20 those experts in the field prior to use as feeds. 

[030] Example 5. Incorporation of a gene for an antibody or 
antibody fragment into an insect-based virus and use of the infected 
insect material as feed. A particular viral or bacterial pathogen is chosen 
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and used to prepare monoclonal antibodies using procedures well known to 
experts in this field. Gene(s) coding for this antibody or an appropriate 
antibody fragment (Fab) are isolated and amplified in the appropriate vector. 
The gene is spliced into the genome of a selected insect virus such as 

5 baculovirus. This virus is then used to infect insect larvae. As the virus 
replicates in the larval insect will express the antibody or antibody fragment 
directly in the larval cells. The entire larvae can them be harvested and used 
directly as feed material. Alternatively, the larvae may be homogenized and 
extruded into pellets suitable for feed applications. The viruses can be 

10 inactivated by high temperature or other procedures familiar to those experts 
in the field prior to use as feeds. 

[031] Example 6. Incorporation of a gene for a bacteriostatic or 
bactericidal protein into an insect-based virus and use of the infected 
insect material as feed. A bactericidal or bacteriostatic protein is chosen for 

15 the particular application. For example, proteins of the penaeidin class may 
be chosen for pathogenic control in shrimp. Penaeidins are members of a 
family of antimicrobial peptides isolated from crustaceans (e.g., Penaeus 
shrimp). Antimicrobial peptides may also come from insects and chelicerates 
and may include but are not limited to cecropins, peneadins, bactenecins, 

20 callinectins, myticins, tachyplesins, clavanins, misgurins, pleurocidins, 

parasins, histones, acidic proteins, and lysozymes. The gene for the chosen 
protein or peptide is either isolated from the original source, an amplification 
source, or it can be made synthetically. The gene is spliced into the genome 
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of a selected insect virus such as baculovirus. This virus is then used to infect 
insect larvae. As the virus replicates in the larvae it will express the protein 
directly in the larval tissues. The entire larva can be harvested and used 
directly as feed material. Alternatively, the larvae may be homogenized and 

5 extruded into pellets suitable for feed applications. The viruses can be 

inactivated by high temperature or other procedures familiar to those experts 
in the field prior to use as feeds. 

[032] Example 7. Incorporation of a gene for a therapeutic 
protein into baculovirus and the use of the infected material as feed. 

1 o Pacific white shrimp (Penaeus vannamei) were transfected orally with an 
engineered baculovirus (AcNPV-eGFP) to express GFP as a fusion protein. 
The Bacmid Bac-to-Bac® Baculovirus Expression system (Invitrogen) was 
utilized for cloning and transfection. A 720 kb fragment containing GFP was 
fused to the polyhedron (pPolh) promoter and flanked by Xho I sites 3' to 

15 pPolh. Using methods described in the Invitrogen product literature, Sf9 
insect cells were transfected with the recombinant baculovirus. After 72 
hours, plaque formation was visually confirmed, and 70 ml culture fluid 
medium was pelleted at 100 g for 5 minutes at 4°C. The resulting cell pellet 
was maintained at 4°C until it was subsequently used for oral infection. The 

20 corresponding resulting supernatant fluid was centr'rfuged for 2 hours at 
80,000 g at 4°C on a 27% sucrose gradient to yield purified virus. This 
sucrose-purified virus pellet was maintained at 4°C until it was subsequently 
used for oral infection. 
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[033] Shrimp isolation chambers consisting of 3-qt containers filled 
with 30 ppt salinity dechlorinated water were provided with air stones for 
oxygenation. Three one-gram shrimp were placed in each container and 
allowed to acclimatize overnight. 

5 [034] The following procedures were performed within 30 minutes 

prior to feeding the shrimp. A pellet matrix was prepared by first adding 100 
mg of alginic acid (Sigma) to 10 ml of distilled deionized water (ddH 2 0) in a 
beaker and heating to 40 °C while stirring. After the gel began to form, 150 
mg of starch (Sigma) was added. The solution was allowed to mix for a 

10 minute before addition of 500 mg of krill meal. While continuing to stir the 
solution, the heat source was removed. 

[035] An aliquot of pellet matrix (500 ul) was combined with either 5 
ixl of the infected cell pellet or 5 jxl of sucrose-purified virus, and gently mixed 
with vortex mixer. The infected pellet matrix was aspirated into a tuberculin 

15 syringe to which a 21 -gauge needle was subsequently attached. A formation 
solution was formed by dissolving 5 grams of calcium chloride (J.T. Baker) 
and 1 gram of sodium chloride (Research Organics) in 100 ml of ddH 2 0. 
While the formation solution was stirring slowly, the matrix was squeezed 
through the needle into the solution to form tubular pellets. Pellets formed 

20 immediately upon impact in solution and a spatula was used to clean the 
needle between pellets. Pellets appeared to be 25-30 ul in volume. The 
pellets were washed in 10% NaCi and added to the shrimp isolation 
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containers. The shrimp immediately consumed the pellets, and were fed to 
satiation. Each shrimp consumed approximately one pellet. 

[036] Seventy two hours after consuming the virally infected matrix, 
the shrimp were placed in a petri dish and observed on a Dark Reader® 
5 transilluminator (Claire Chemical Research). Shrimp expressing GFP 
exhibited a greenish glow (Figure 1). Uninfected shrimp demonstrated no 
fluorescence. The recombinant GFP-tagged baculovirus observed at 72 h 
was located specifically within the hepatopancreas area in the cephalothorax 
(Figure 1). 

10 [037] Example 8. Vaccination using feeds. An antigen 

characteristic to a particular pathogen is chosen as is required by the animal 
and circumstances. For example, a viral coat protein or component thereof, 
or an infectious bacterial protein, or a component thereof is chosen. The 
gene coding for the protein is isolated and incorporated into a vector suitable 

15 for use in the plant or insect of choice for production. The transformation 

vector is chosen so that the protein will be overexpressed in the plant, animal 
or insect cell biomass or in a virus infecting the plant, animal or insect 
biomass. This biomass is then used as a feed additive in such a way as to 
provide the viral or bacterial or fungal protein directly to the animal thus 

20 stimulating an immunological response to that particular pathogen. The 

microbial component may enter the body of the animal in the digestive tract, 
or otherwise through contact in the air or water. 
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WHAT IS CLAIMED IS: 

1 An aquaculture feed containing biomass of an organism selected from 
plants, animals and insects comprising one or more proteins, antibodies, 
antibody fragments, or a combination thereof, wherein said proteins and 
antibodies are non-native to the organism which is the source of the biomass. 

2. The aquaculture feed as claimed in claim 1 , wherein the organism 
expresses the proteins or antibodies recombinant^. 

3. The aquaculture feed as claimed in claim 1 , wherein the organism is 
infected with viruses which encode the proteins or antibodies expressed 
recombinantly. 

4. An agriculture feed containing biomass of an organism selected from 
plants, animals and insects comprising one or more proteins, antibodies, 
antibody fragments, or a combination thereof, wherein said proteins and 
antibodies are non-native to the organism which is the source of the biomass. 

5. The agriculture feed as claimed in claim 4, wherein the organism 
expresses the proteins or antibodies recombinantly. 

6. The agriculture feed as claimed in claim 4, wherein the organism is 
infected with viruses which encode the proteins or antibodies expressed 
recombinantly. 
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7. A human food containing biomass of an organism selected from plants, 
animals or insects comprising one or more proteins, antibodies, antibody 
fragments, or a combination thereof, wherein said proteins and antibodies are 
non-native to the organism which is the source of the biomass. 

8. The human food as claimed in claim 7, wherein the organism 
expresses the proteins or antibodies recombinantly. 

9. The human food as claimed in claim 7, wherein the organism is 
infected with viruses which encode the proteins or antibodies expressed 
recombinantly. 

10. The agricultural feed as claimed in claim 4, or human food as claimed 
in claim 7, wherein the organism is an agronomic plant selected from tobacco, 
soybean, corn, sunflower, cotton, safflower, canola and kelp. 

1 1 . The aquaculture feed as claimed in claim 1 , or agriculture feed as 
claimed in claim 4, or human food as claimed in claim 7, wherein the 
therapeutic protein is an antibody specific for bacteria or virus causing 
disease in the respective aquaculture or agriculture species or human patient. 
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12. A method of delivering therapeutic proteins to a non-human animal 
comprising administering to said non-human animal a feed comprising 
biomass of an organism expressing a non-native therapeutic protein. 

13. The method of claim 1 2, wherein the non-human animal is subjected to 
intensive agricultural practices. 

1 4. The method of claim 12, wherein the non-human animal comprises fish 
or shellfish in aquaculture. 

15. The method of claim 12, wherein the organism is infected by a 
recombinant virus which encodes the therapeutic protein and the therapeutic 
protein is expressed recombinant^. 

16. The method of claim 12, wherein the therapeutic protein is a protein 
which inhibits growth or replication of Vibrio species in vitro. 

17. The method of claim 12, wherein the therapeutic protein is a protein 
which inhibits Taura or White spot virus infection in shrimp. 



1 8. The method of claim 12, wherein the therapeutic protein is a 
recombinantly expressed antibody or fragment thereof. 
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19. The method of claim 12, wherein the recombinant^ expressed 
antibody or fragment thereof specifically binds to an infectious agent of 
disease in the non-human animal. 



20. A method of delivering therapeutic proteins to crustaceans comprising 
infecting said crustaceans with a recombinant Autographa californica nuclear 
polyhedrosis virus and feeding said crustaceans edible material containing 
said virus. 

21. The method of claim 20, wherein the source of said virus is the 
supernatant of cultured cells infected with said virus. 



22. The method of claim 20, wherein the source of said virus is cultured 
cells infected with said virus. 
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